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PERCHED GROUND WATER IN ZEOLITIZED BEDDED TUFF,
RAINIER MESA AND VICINITY, NEVADA TEST SITE, NEVADA

By

William Thordarson

ABSTRACT

Rainier Mesa--site of the first series of underground nuclear
detonations--is the highest of a group of ridges and mesas within
the Nevada Test Site. The mesa is about 9.5 square miles in area
and reaches a maximum altitude of 7,679 feet. The mesa is underlain
by welded tuff, friable-bedded tuff, and zeolitized-bedded tuff of
the Piapi Canyon Group and the Indian Trail Formation of Tertiary
age. The tuff--2,000 to 5,000 feet thick--rests unconformably upon
thrust-faulted miogeosynclinal rocks of Paleozoic age.

Zeolitic-bedded tuff at the base of the tuff sequence controls
the recharge rate of ground water to the underlying and more permeable
Paleozoic aquifers. The zeolitic tuff--600 to 800 feet thick--is
a fractured aquitard with high interstitial porosity, but with very
low interstitial permeability and fracture transmissibility. The
interstitial porosity ranges from 25 to 38 percent, the interstitial
permeability is generally less than 0.005 gpd/ft®, and the fracture
transmissibility ranges from 10 to 100 gpd/ft for 500 feet of sat-
urated rock. The tuff is generally fully saturated interstitially
hundreds of feet above the regional water table, yet no appreciable
volume of water moves through the interstices because of the very
low permeability. The only freely moving water observed in miles of

underground workings occurred in fractures, usually fault zones.



This water is perched by the poor interconnection of the fractures
themselves. The top of the zone of fracture saturation is irregular
but usually lies near the top of the zeolitic tuff strata at an
altitude within a few bundred feet of 6,000 feet.

The movement of the perched water is slowly downward along
steeply dipping fractures to discharge points within the underlying
more permeable Paleozoic strata. This downward movement was suggested
by measured declines in head with depth in test wells. The head
measurements made at different depths in two wells suggest vertical
hydraulic gradients ranging from 0.3 to 1.0 foot per foot. Movement
of water from'shallow water-bearing fractures into deeper but empty
fractures may account for some of the head changes observed in other
wells.

A marked difference in the salinity of the interstitial and
fracture water is suggested by study of electric logs and by chemical
analyses of the fracture water. The specific conductance of the
interstitial water is apparently 25 to 35 times greater than the
specific conductance of water perched in the fractures. The difference
may be related to the addition of ioms to the pore water by ionization
of clay particles, to differences in the residence time of the
interstitial and fracture water, or to salinity of the interstitial

water at the time of its introduction into the bedded tuff.



INTRODUCTION

Purpose and scope

This report describes the occurrence, movement, and discharge
of perched ground water in tuffaceous rocks that cap and underlie
Rainier Mesa--the site of the first series of underground nuclear
detonations made by the Atomic Energy Commission at the Nevada
Test Site. It also briefly describes the occurrence of ground water
in other rock types adjacent to and beneath Rainier Mesa. The report
is one of several prepared, or in preparation, by the Geological
Survey to document the geologic, hydrologic, and geophysical setting
of the nuclear detonations beneath Rainier Mesa in the northwestern
part of the Nevada Test Site (fig. 1).

The objectives of the study and report were two-fold. First,

a basic knowledge of the occurrence of ground water in the tuffaceous
rocks beneath Rainier Mesa was necessary for an evaluation of the
potential contamination, however slight, of ground water by the
underground testing program. Second, observations in the tunnels
afforded a rare opportunity for a 3-dimensional study of a bedded-
tuff aquitard, which is also found deeply buried beneath Yucca Flat
and which plays an important role in the regional movement of ground
water beneath that valley. An understanding of the movement of
water through the bedded tuff beneath Yucca Flat was thus obtained
through observation of water occurrence in, and movement through,
identical strata beneath Rainier Mesa. This report does not comment

directly upon the first objective because that objective has already
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been discussed briefly by Clebsch (1960), and it is the subject
matter of other reports in preparation. A description of the
hydrogeology of the tuffaceous rocks--the second objective of the
study--is the prime purpose of this report.

Studies of the ground-water regimen of the Rainier Mesa area
were begun in 1958 and were continued intermittently through 1961.
Report preparation was delayed by other commitments until 1964. The
interpretations presented in this report are based primarily on
observations of ground-water occurrence in several miles of under-
ground workings and on hydraulic data obtained from six deep test
holes. Also utilized were laboratory determinations of the porosity,
permeability, and water content of cores and chunk samples of the

tuffaceous strata.

Geography

The Nevada Test Site of the Atomic Energy Commission is in
south-central Nevada, about 70 miles northwest of Las Vegas (fig. 1).
The Test Site is in the Great Basin section of the Basin and Range
physiographic province. Rainier Mesa is in the north-central part
of the Test Site. A generalized T7X¥-minute topographic map of Rainier
Mesa and surrounding areas is presented in figure 2. The study area
of this report corresponds to the 60-square-mile area within the
borders of this 7%-minute quadrangle (fig. 2), and this region will
be referred to henceforth as the "Rainier Mesa area" or "Rainier
Mesa and vicinity." The term "Rainier Mesa' or simply '"mesa' will
henceforth be utilized specifically to describe topics associated

with the major topographic feature of the quadrangle, Rainier Mesa.
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Rainier Mesa is the highest of a group of mesas, ridges, and
low mountains that border the northwestern part of Yucca Flat, a
large intermontane basin (fig. 1). The mesa trends north-south,
is about 3 miles long, 1.5 miles wide, and includes 4.4 square miles
within the area of its caprock. The mesa rises 200 to more than
700 feet above the nearby highlands, and about 2,500 to 3,500 feet
above nearby intermontane basins. The altitude of the volcanic
caprock of the mesa ranges from 7,400 to 7,679 feet. By contrast,
the maximum altitude of Yucca Flét, about 5,000 feet, is attained
about 3 miles east of Rainier Mesa. The mesa is part of a drainage
divide that separates westerly drainage to the Fortymile Canyon
area from easterly drainage to Yucca Flat.

The Nevada Test Site is characterized by low precipitation, low
relative humidity, and large daily variations in temperature.
Average annual precipitation on Rainier Mesa was 7.5 inches per year
during the 5-year period of record between 1959 and 1964. By
contrast, in the nearby intermontane basins, the average annual
precipitation in northern Yucca Flat was 4.5 inches for a 3-year
period of record and in northern Fortymile Canyon was 5.4 inches for
a 3-year period of record. The precipitation record admittedly is
short and does not reflect the very irregular precipitation in
desert regions; however, the short-term precipitation record does
indicate a marked difference between precipitation on the mesa and

that on the nearby valley floor.
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The varieties and the amounts of vegetation in the Rainier Mesa
area differ from the vegetation in Yucca Flat. The wegetation on
Rainier Mesa consists of open stands of pinyon pine and juniper
trees, whereas that in Yucca Flat consists of desert shrubs. Between
the mesa and Yucca Flat, the rocky slopes of the ridges and low
mountains support only a scanty vegetative cover of shrubs and small

plants.

Tunnels and drill holes

Most of the data used in this report were obtained from tunnels
and drill holes, projections of which are shown on the generalized
topographic map of the Rainier Mesa area (fig. 2). The major tunnels,
which are actually adits, were driven westward into Rainier Mesa.
Several smaller tunnels were driven into hills northeast of Rainier
Mesa. Most of the drill holes mentioned in this report were drilled
from the surface, but the Ul2e.M-1 hole and the UlZ2e.03-1 hole were

drilled vertically downward from within the Ul2e tunnel system.

Previous investigations

Detailed geologic mapping of the Rainier Mesa area was done
by Gibbons and others (1963) and was published in the U.S. Geological
Survey map series. The strata of greates£ hydrologic interest in
this area--the Tertiary tuff and the Paleozoic dolomite--are described
in reports by Hinrichs and Orkild (1961), Poole and McKeown (1962),

Dickey and McKeown (1959), and by Orkild (1964).
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The geology in the Ul2a, Ul2b, Ul2e, and other tunnel systems in
the Rainier Mesa area has been mapped and described. Selected refer-
ences are Cattermole and Hansen (1962), Hansen and others (1963),
Diment and others (1958a and 1958b), McKeown and Dickey (1961),
Dickey and Emerick (1961), Emerick (1962), Emerick and Dickey (1962),
and Laraway and Houser (1962).

The ground-water hydrology of the Rainier Mesa area and the
physical properties of the tuffaceous rocks have been described
briefly by Clebsch and Winograd in Diment and others (1958a),

Clebsch in Diment and others (1958b), Clebsch (1960), and Keller
(1960). The chemistry of ground water in the tuff has been discussed

by Schoff and Moore (196L4).
GENERAL GEOLOGY

The geology of Rainier Mesa and surrounding areas has been
described in detail in the numerous reports previously cited. A
brief description of the geologic setting is presented herein for
a more complete understanding of the hydrology. A generalized
geologic map is presented in figure 3.

The rocks exposed in the Rainier Mesa area are of sedimentary
and igneous origin and range in age from late Precambrian to Recent.
The oldest rocks exposed are quartzite and argillite of late Pre-
cambrian and Paleozoic age and dolomite of Paleozoic age. These
sedimentary strata have been subjected to at least two periods of
deformation and consequently are folded, faulted, and highly fractured.
These strata, aggregating more than 9,000 feet in thickness, are

most prominently exposed in the Eleana Range, a prominent ridge
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southeast of Rainier Mesa, and in the foothills immediately east of
Rainier Mesa (fig. 3). Small outcrops of late Precambrian and Lower
Paleozoic quartzite also are found in Gold Meadows immediately north
of Rainier Mesa. Although dolomite, argillite, and quartzite are
presently exposed only in portions of the region, test drilling data
and the geology of adjacent regions indicate that these rocks under-
lie the entire Rainier Mesa region.

A quartz monzonite stock is the only rock of Mesozoic age found
in the region. The stock, which crops out in Gold Meadows north of
Rainier Mesa, intruded late Precambrian and Cambrian quartzite and
argillite. Gibbons (1963) believes it is Jurassic or Cretaceous in
age. No sedimentary or volcanic rocks of Mesozoic age are present
in the Rainier Mesa area, or for that matter elsewhere at the Nevada
Test Site.

Volcanic rocks of Tertiary age are the strata most widely
exposed in the area., They cover about two-thirds of the Rainier
Mesa area. These volcanic rocks include bedded ash-~fall tuff, welded
tuff, and to a lesser degree, rhyolite. The bedded and welded tuffs
beneath Rainier Mesa range from 2,000 to about 5,000 feet in thick-
ness. The thickness of the rhyolite is unknown. Unlike the late
Precambrian and Paleozoic strata, which are steeply tilted and locally
overtirned, the bedded and the welded tuffs are relatively flat lying
with dips seldom exceeding 250.

The bedded tuff--oldest of the tuffaceous strata--was deposited
upon an erosional surface of low to moderate relief (Houser and Poole,

1960) developed upon the Paleozoic and late Precambrian sedimentary
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rocks. The dip of the tuff, therefore, largely reflects the pre-
Tertiary topography because these strata were virtually draped over
the then present hills and ridges much as snow mantles hills as well
as valleys. Houser and Poole (1960) have shown that, as a consequence,
the major primary fold axes in the tuffaceous strata are subparallel
to the trends of the pre-Tertiary valleys. Successive ash-fall
deposits subdued the pre-Tertiary relief by filling the valleys cut
into the Paleozoic strata. As a consequence, the youngest volcanic
strata are almost flat lying, except where tilted by post mid-Tertiary
block faulting. Beginning in Miocene(?) time and continuing into

the Pliocene, the Rainier Mesa region was subjected to the block
faulting,characteristic of the Basin and Range province. As a result
of this faulting, the Yucca Flat area east of Rainier Mesa and the
Fortymile Canyon area to the west were depressed relative to the

mesa. Rainier Mesa may thus be considered as a prominent erosional
remnant of a widespread tuff-capped plateau that probably existed in

the area prior to the block faulting.
MAJOR HYDROLOGIC UNITS

Numerous geologic formations ranging in age from late Precambrian
to Recent and containing diverse lithologic types have been mapped
withiﬁ the region (Gibbons and others, 1963). For a discussion of
the perched ground water within the Tertiary tuff, it is advantageous
to group these various formations into seven major hydrologic units
or sequences on the basis of differences in gross lithology and
transmissibility of the formations. The seven hydrologic units in

order of decreasing age are: (a) quartzite and argillite of late
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Precambrian and Paleozoic age; (b) dolomite of Paleozoic age; (c)
quartz monzonite of Mesozoic age; (d) zeolitic-bedded tuff of
Tertiary age; (e) friable-bedded tuff of Tertiary age; (f) welded
“and partially welded tuff of Tertiary age; and (g) alluvium and
colluvium of Quaternary: age.

The formal geologic names of the formations composing these
seven hydrologic units, the thicknesses of the major lithologies
of each group, and their water-bearing characteristics are outlined
in succeeding paragraphs,

The geologic relationship of hydrologic units b, d, e, and £
beneath southern Rainier Mesa is shown in cross section in figure
4. Some further subdivision of the Tertiary tuff--the major

subject matter of this report--is presented in table 1.

Quartzite and argillite

Quartzite and argillite are present in each of two formations--
the Wood Canyon Formation and Sterling Quartzite, undivided, of
Cambrian and late Precambrian age, and the Eleana Formation of
Mississippian and Pennsylvanian age. The Wood Canyon Formation
and Sterling Quartzite crop out in a small area in the northwestern
part of the Rainier Mesa quadrangle (fig. 3). The Eleana Formation
crops out in the Eleana Range in the southeastern part of the area

and in a few hills in the northeastern part of the area (fig. 3).
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The Wood Canyon Formation and Sterling Quartzite contain brown
and gray quartzite and argillite in thin to thick beds. The exposed
thickness of the Wood Canyon Formation and Sterling Quartzite is
about 1,000 feet (Gibbons and others, 1963).

The Eleana Formation contains brown fine-grained to conglomeratic
quartzite and argillite in thin to thick beds. Limestone is present
in this formation on the east flank of the Eleana Range. The exposed
thickness of the Eleana Formation in this area is about 5,000 feet
(Gibbons and others, 1963).

In the subsurface below the northwestern half of Rainier Mesa,
the Exploratory 1 and Ul2q drill holes (fig. 2) penetrated quartz-
ite;,and the Hagestad 1 drill hole in the central part of the mesa
penetrated argillite. This quartzite and argillite may be a sub-
surface extension of the outcrop of the Wood Canyon Formation and
Sterling Quartzite north of the mesa in Gold Meadows (F. M. Byers,
oral communication).

No hydraulic data were obtainable from the stratigraphic test
holes that penetrated the quartzite and argillite beneath Rainier
Mesa. Hydraulic tests of drill holes penetrating quartzite and
argillite in other parts of the Nevada Test Site indicate that ground
water moves through these rocks primarily in fractures and that the

fracture transmissibility is very low.
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Dolomite

In the Rainier Mesa quadrangle, dolomite crops out in several
low hills immediately east of Rainier Mesa (fig. 3). Data from
drill holes Ul2e.,M-1 and Ul2e.03-1 in the tunnels, drill holes
Ul2e.06-1 and Ul2b.07-2 on top of the mesa, and test well 1 just
south of the mesa show that the dolomite also underlies the eastern
and southern half of the mesa.

The dolomite is dark gray, thin to thick bedded, and is of
Ordovician to Devonian age (Gibbons and others, 1963). Immediately
east of the mesa, in the vicinity of Dolomite Hill (fig. 2), the
beds strike N. to N. 25° E. and dip 10° to 25° W. to NW. The
exposed but incomplete thickness of dolomite in the vicinity of
Dolomite Hill measured about 1,460 feet (Dickey and McKeown, 1959,
p. 6).

The dolomite contains abundant faults, joints, and folds.
Exposures in the vicinity of Dolomite Hill show steeply dipping,
northeast-trending, faults with vertical displacements of 5 to 80
feet. Many of the fault zones contain quartz veins (Dickey and
McKeown, 1959, p. 12). Joints in surface exposures and in cores
dip at angles greater than 500. Cores from a test hole drilled omn
Dolomite Hill were examined by the author; only a small percentage
of the fractured core contained openings or vugs. However, because
the core recovery was poor, many open fractures in the rock may
have been destroyed by the coring operation. Most of the fractures

were filled with calcite, quartz, or iron oxide. The structural
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features of the Paleozoic carbonate rocks beneath Rainier Mesa
probably are similar to those found at the Dolomite Hill site.

The effective porosity, and consequently the permeability, of
the dolomite near and beneath Rainier Mesa seems to be entirely due
to secondary porosity developed along fractures. The porosity of
the dolomite was calculated by C. H. Roach (Schoff and Winograd,
1961, p. 26) from both geophysical logs and cores of the test hole
drilled atop Dolomite Hill. From resistivity logs, he calculated
that the average total formation porosity ranges from 3 to 3.5
percent, but in places ranges from 4 to 7.5 percent. By contrast,
from laboratory analyses of 16 cored samples, he determined that
the average interstitial porosity was only 0.6 percent. In addition
to Roach's work, the author carefully selected for analysis four
cores from among dozens available from the holes drilled at Dolomite
Hill and at the Ul2e.06-1 and Ul2b.07-2 sites on Rainier Mesa
(fig. 2). These cores were selected because visual inspection with
hand lens suggested that they had above average interstitial porosity.
Laboratory determinations of the effective porosity of these four
cores ranged from 0.6 to 1.1 percent. The interstitial permeability
of these cores, to water, ranged from 0.0002 to 0.00007 gpd/ft?®
(gallons per day per square foot).

The preceding measurements, visual inspection of hundreds of
cores, and laboratory measurements of dolomite samples from other
parts of the Nevada Test Site, indicate that ground water within
the dolomite must move principally through the secondary porosity

developed along fractures. Core examination has shown that in places

.
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these fractures are enlarged by solution; nevertheless, evidence of

large solution cavities is absent both in cores and in outcrop.

Quartz monzonite

Quartz monzonite of . Jurassic{?) or Cretaceous age crops out in
Gold Meadows. This granitic rock intruded the late Precambrian and
Paleozoic rocks and is overlain by tuff. Although the thickness and
the subsurface extent of this body are unknown, the Ul2r drill hole
(fig. 2) shows that the intrusive mass extends beneath the north-
western part of Rainier Mesa. In the Exploratory 1 drill hole,
cores of the Wood Canyon Formation contain a thin granitic dike,
which indicates the proximity of an intrusive mass. This suggests
that the intrusive body extends at least a mile south of its southern-
most exposure.

No hydraulic tests were made in the quartz monzonite, because
no wells have been drilled into it. Nevertheless, its hydraulic
properties probably are similar to those of the Climax stock, a
granitic intrusive about 7.5 miles east of the Gold Meadows intrusive
mass. Ground water in the Climax stock occurs only locally in poorly
connected fractures. Test holes penetrating that stock showed no
extensive zone of saturation and showed an erratic range in static
fluid levels (Walker, 1962, p. 36). Hydraulic tests in selected
test holes drilled into the Climax stock showed that some of the holes
were '"dry". 1In holes that contained water, the fracture permeability
was extremely low (Walker, 1962, p. 3%6); most of the test holes were

dry or could have been bailed or swabbed dry.
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Tuff

Rainier Mesa is underlain by the Indian Trail Formation, and
by the Piapi Canyon Group, which includes the Paintbrush Tuff and
the Timber Mountain Tuff. Beneath the mesa, these tuffs aggregate
to 2,000 to 5,000 feet in total thickness. The older Indian Trail
Formation includes in ascending order local informal units of bedded
tuff, the Tub Spring Member, and the Grouse Canyon Member. The
Paintbrush Tuff includes in ascending order bedded tuff, the
Stockade Wash Member, and the Tiva Canyon Member. The Timber Mountain
Tuff is represented by the Rainier Mesa Member. The stratigraphy
and lithology of these tuff units are summarized in table 1.

Structurally, the tuff beneath Rainier Mesa forms a broad
curving syncline whose limbs dip 2° to 12° (fig. 3). The limbs of
this syncline contain minor anticlinal and synclinal structures. In
general, these folds were formed by the draping of the ash-fall tuff
over the irregular topography of the underlying Paleozoic rocks.
Faults and joints are abundant in the tuff. The faults and joints
dominantly strike northwest and northeast and dip TOO to 900. The
joints generally parallel the attitudes of the faults. Most faults
have little or no stratigraphic displacements, but a few are dis-
placed several tens of feet. Details on the geology of the volcanic
rocks in the vicinity of Rainier Mesa can be found in Poole and

McKeown (1962), Hinrichs and Orkild (1961), and in Gibbons and others

(1963) .
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In this hydrologic study, the tuff is subdivided into three
types: (a) zeolitic-bedded tuff, (b) friable-bedded tuff, and (c)
welded and partially welded tuff. The hydraulic characteristics of
these units and the formal geologic names are summarized in table 1;
their geologic relationship is illustrated in figure 4. In general,
the effective porosity and the permeability of the zeolitic and
welded tuff are situated within and are controlled by fractures;
and the effective porosity and the permeability of the friable tuff
are controlled by interstices. Evidence for the dominance of fracture
permeability in the zeolitic and welded tuff is shown by the hydrologic
data collected from the tunnels, test wells, springs, and from lab-
oratory analyses of cores and chunk samples. This evidence is pre-

sented in the following sections of the report.

Zeolitic-bedded tuff

The zeolitic-bedded tuff is present in the lower half of the
tuff section exposed at Rainier Mesa. This tuff comprises local
informal units, the lower part of the Grouse Canyon Member of the
Indian Trail Formation, and bedded tuff of the Paintbrush Tuff (table
1). These units generally aggregate about 800 to 1,200 feet in
thickness. 1In the tunnels, the local informal units in the Indian
Trail Formation are subdivided into four so-called Tunnel Beds
designated Tilt, to Tilt, (table 1) or simply as Tunnel Beds 1-i.

The zeolitic-bedded tuff was deposited by the fall of volcanic
ash, which consisted predominantly of pumice and glass shards. The
pumice and glass shards of these ash-fall tuffs were later massively

altered, predominantly to the zeolite minerals clinoptilolite,
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mordenite, and analcime. The zeolitic tuff also contains minor
amounts of clay as well as some silica and hematite as cement. Within
the zeolitic tuff there are some thin silicified beds, and in places
there are some thin clayey beds. A thick clayey bed was penetrated

at the base of the tuff in test well 1 south of the mesa. Nonzeolitic
constituents, generally amounting to 5 to 30 percent of the zeolitic-
bedded tuff, are small crystals of quartz, feldspar, biotite, and
dense lithic fragments. These unaltered constituents are nearly
impermeable to water, and are surrounded by a slightly permeable
zeolitic matrix.

Many samples of the zeolitized tuff were analyzed for interstitial
porosity, interstitial permeability, and percent saturation of the
interstitial pore spaces. These samples were taken from both the
Ul2e and Ul2b tunnel systems; the analyses of samples from these
tunnel systems are described separately below, and, in part, are
summarized in table 1.

Chunk samples were taken in the Ul2e tunnel complex from Tunnel
Beds 1-4 (Tilt, -Tilt,) of the Indian Trail Formation. These samples
were collected in or just above the top of the main zone of fracture
saturation discussed below. The average interstitial porosity of
the zeolitic tuff in the Tunnel Beds ranges from 25 to 38 percent,
whereas the average interstitial permeability of the tuff ranges from
0.0004 to 0.02 gpd/ft®, which is very low (table 1). The values
of interstitial porosity, which are high for consolidated rock, a nd
of permeability, which are extremely small, are probably due to
abundant microscopic pore spaces. No relation between povosity,

permeability, and grain size of the zeolitic tuff was noted.
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The natural moisture content of the samples collected in the
Ul2e tunnels was determined by sealing chunk samples in aluminum
foil and paraffin immediately after collection. The water saturation
of the pore space in these ''matural-state'" samples was generally
close to 100 percent (Byers, 1961). Analyses of electrical logs
also indicate that the zeolitic tuff is fully saturated (Keller,

1960 and 1962). An exception was found in Tunnel Bed (Tilt, ) in
the Ul2e tunnel complex in which only 7O percent of the pore space
was saturated, possibly because it was sampled close to the portal
of the tunnel and therefore was exposed to more evaporation. Byers
(1961, p. 20 and 26) states that at greater depths Tunnel Bed 1
probably would be completely saturated.

Samples were also taken in the Ul2b tunnel system from the
zeolitized bedded tuff in the lower informal unit of the Paintbrush
Tuff. The Ul2b tunnel was driven above the main zone of saturation,
which contains the water-bearing fractures. 1In three drifts in the
Ul2b tunnel--U12b.0l, Ul2b.03 and Ul2b.Ok--the average interstitial
porosity of the zeolitic tuff ranges from 27 to 29 percent (Diment
and others, 1959a and 1959b). The average interstitial permeability
to fresh water was 0.2 gpd/ft®, but to brine was only 0.03 gpd/ft2.
The porosity values are comparable to the values for the zeolitic-
bedded tuff in the Ul2e tunnel system; the permeability values,
however, are somewhat greater than those for the zeolitic-bedded tuff.

Natural-state samples, samples containing the naturally occurring
interstitial water, were collected from the zeolitized tuff in the

Ul2b.01l, Ul2b.03, and Ul2b.O4 drifts. The samples from the U1l2b.0l
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drift showed only 62 percent water saturation, whereas the samples
from the Ul2b.03 and Ul2b.O4 drifts showed 100 percent water satura-
tion. Perhaps the samples from Ul2b.0l drift are relatively less
saturated because they were closer to the surface outcrop and were
subjected to relatively more evaporation in the zone of aeration.

The specific yield of the zeolitic-bedded tuff is not known.
Nevertheless, the general absence of water on the walls of the
tunnels indicates that the interstitial water in these strata is
strongly held by capillary forces. Possibly, :the general absence
of interstitial water leaking from the zeolitic tuf<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>